ABSTRACT Background/Objective. Intraoperative evaluation of sentinel lymph nodes (SLNs) after neoadjuvant chemotherapy (NAC) has a higher false-negative rate than in the primary surgical setting, particularly for small tumor deposits. Additional tumor burden seen with isolated tumor cells (ITCs) and micrometastases following primary surgery is low; however, it is unknown whether the same is true after NAC. We examined the false-negative rate of intraoperative frozen section (FS) after NAC, and the association between SLN metastasis size and residual disease at axillary lymph node dissection (ALND). Methods. Patients undergoing SLN biopsy after NAC were identified. The association between SLN metastasis size and residual axillary disease was examined. Results. From July 2008 to July 2017, 702 patients (711 cancers) had SLN biopsy after NAC. On FS, 181 had metastases, 530 were negative; 33 negative cases were positive on final pathology (false-negative rate 6.2%). Among patients with a positive FS, 3 (2%) had ITCs and no further disease on ALND; 41 (23%) had micrometastases and 125 (69%) had macrometastases. Fifty-nine percent of patients with micrometastases and 63% with macrometastases had one or more additional positive nodes at ALND. Among those with a false-negative result, 10 (30%) had ITCs, 15 (46%) had micrometastases, and 8 (24%) had macrometastases; 17 had ALND and 59% had one or more additional positive lymph nodes. Overall, 1/6 (17%) patients with ITCs and 28/44 (64%) patients with micrometastases had additional nodal metastases at ALND. Conclusion. Low-volume SLN disease after NAC is not an indicator of a low risk of additional positive axillary nodes and remains an indication for ALND, even when not detected on intraoperative FS.
ITCs, 15 (46%) had micrometastases, and 8 (24%) had macrometastases; 17 had ALND and 59% had one or more additional positive lymph nodes. Overall, 1/6 (17%) patients with ITCs and 28/44 (64%) patients with micrometastases had additional nodal metastases at ALND. Conclusion. Low-volume SLN disease after NAC is not an indicator of a low risk of additional positive axillary nodes and remains an indication for ALND, even when not detected on intraoperative FS.
In the setting of primary surgery for breast cancer, volume of disease in the sentinel lymph node (SLN) is an important predictor of the likelihood of additional non-SLN (NSLN) metastases. [1] [2] [3] [4] [5] Patients with low-volume SLN disease, defined as micrometastases or isolated tumor cells (ITCs), have a risk of additional NSLN metastases of approximately 10-20%. 4, [6] [7] [8] [9] In patients who undergo SLN biopsy (SLNB) after neoadjuvant chemotherapy (NAC), the correlation between volume of disease in the sentinel node and the likelihood of additional positive NSLNs is unknown. The relationship between volume of disease in the SLN and residual NSLN metastases is particularly relevant in cases where an intraoperative assessment of the sentinel node is falsely negative, and a return to the operating room for axillary lymph node dissection (ALND) is considered standard. In small studies, the sensitivity of intraoperative frozen section (FS) of the SLN after NAC has been reported to range from 67 to 81%. [10] [11] [12] [13] As is the case in primary SLN surgery, intraoperative FS in the neoadjuvant setting has a lower sensitivity for detecting micrometastasis or ITCs than for detecting macrometastases. 11, 14 Whether or not failure to detect tumor deposits on FS indicates a low risk of residual axillary disease has not been studied. The purpose of this study was to determine the sensitivity of intraoperative FS of the SLN after NAC in a large, contemporary group of patients, and to examine the association between volume of disease in the SLN and the probability of finding additional positive NSLNs at completion axillary dissection.
METHODS
This study was approved by the Memorial Sloan Kettering Cancer Center Institutional Review Board. All breast cancer patients who had NAC followed by an SLNB with intraoperative FS between July 2008 and July 2017 were identified from a prospectively maintained database. Demographic, clinical, pathologic, and treatment data were examined. Axillary lymph node metastasis size was classified as ITCs, micrometastases, and macrometastasis based on the American Joint Committee on Cancer 7th Edition breast cancer staging guidelines. 15 Axillary sentinel node mapping was performed with single or dual tracers. Technetium sulfur colloid and/or isosulfan blue were used in patients who were clinically node negative prior to NAC according to surgeon preference. The use of dual tracers was mandatory in patients initially clinically node positive prior to NAC. Intraoperative FS examination was routinely performed. SLNs received for intraoperative assessment were cut into 2 mm-thick sections along the major axis of the lymph node. All lymph node slices were frozen, and histological hematoxylin and eosin (H&E)-stained slides were prepared for microscopic examination. In general, a single slide was examined during FS. Intraoperatively, the SLNs were reported as negative for carcinoma, positive, or the diagnosis was deferred to permanent section in cases where evaluation was not definitive. For final histopathological evaluation and reporting, formalin-fixed, paraffin-embedded H&E slides were evaluated for each SLN that had been frozen. Only selected cases, such as those with a few suspicious cells, treatment effect, or crush/ processing artifact, had more than one level H&E slide ordered and/or immunohistochemical staining for cytokeratin AE1-AE3.
Intraoperative FS results were deemed false negative if the intraoperative FS was reported as negative or the diagnosis was deferred and the permanent section was subsequently positive for metastases of any size. Deferred cases were included as false negatives since an intraoperative management decision could not be made based on FS results. ITCs detected on either FS or subsequent H&E or immunohistochemistry (IHC) were considered positive. The false-negative rate and sensitivity of intraoperative FS were calculated using the total number of negative FS results as the denominator.
Patient and tumor characteristics were summarized as median (minimum, maximum) for continuous variables, and frequency (%) for categorical variables. The KruskalWallis test and Fisher's exact test were used for betweengroup comparisons for continuous and categorical variables, respectively. A p value \ 0.05 was considered statistically significant. All statistical analyses were conducted in R version 3.4.1 (R Core Development Team, Vienna, Austria).
RESULTS
A total of 702 patients (711 cancers) who underwent SLNB with intraoperative FS after NAC were identified. All patients had clinical stage II-III disease, 360 cancers were clinically node negative, and 351 were clinically node positive prior to NAC. Of 351 patients with clinically positive nodes, 291 were histologically confirmed. All patients were clinically node negative by physical examination following chemotherapy. On intraoperative FS, 181 cases were positive for SLN metastases, 522 were negative, and 8 (1.1%) were deferred. Of 530 negative or deferred cases, 33 were positive on permanent section, an overall false-negative rate of 6.2%. Five of the 33 false-negative cases were cases in which the diagnosis was deferred at intraoperative FS. There were no false-positive FS results in this study.
Demographic, clinical, pathologic, and treatment characteristics of the 181 patients with positive FS and the 33 with false-negative FS are shown in Table 1 . Patients with an FS false-negative result were more likely to have had clinically negative nodes prior to NAC (p = 0.004) and no evidence of lymphovascular invasion (p = 0.04). Patients with an FS-positive result were significantly more likely to have macrometastases (69%) compared with those with an FS false-negative result, who were more likely to have a micrometastasis (45.5%) or ITCs (30%; p \ 0.001) (Fig. 1 ). All patients with an FS-positive result underwent ALND at the initial operation, with the exception of 15 patients who were randomized to the no-ALND arm of the Alliance A11202 trial. Of the patients with an FS falsenegative result, 17/33 (52%) subsequently had an ALND and 16 had no further surgery and received nodal irradiation. Among the 16 patients who did not undergo ALND, 7 had ITCs, 8 had micrometastasis, and 1 had a macrometastasis; 9 patients (micrometastasis and macrometastasis) eligible for the Alliance A11202 trial declined enrollment.
Overall, among all patients with a positive sentinel node irrespective of method of detection, 1/6 (17%) of those 16, 17 It is unclear whether these results can be safely extrapolated to patients treated with NAC where residual nodal disease in the axilla potentially represents a population of tumor cells resistant to chemotherapy. In addition, a micrometastases in a node post-NAC may be a small tumor deposit with a relatively low risk of additional nodal disease, or could be residual disease from a macrometastases with a heavier residual tumor burden. The current standard of care for management of any viable tumor cells in the SLN after neoadjuvant therapy is ALND. 18 The increasing use of SLN biopsy to stage the axilla following NAC raises the question of whether or not low-volume residual disease in the SLN mandates ALND. Intraoperative examination of the SLN is a valuable tool to identify nodal metastasis at the time of surgery, but false-negative results are more common after neoadjuvant therapy than in the primary surgical setting. 10, 19 Our results demonstrate a sensitivity for intraoperative FS of 93.8%, higher than reported in prior studies, half of which routinely used IHC and reported sensitivities ranging from 67 to 81%. 10, 12, 13, 20 At our institution, routine IHC is not performed for sentinel node evaluation, a practice that may have lowered the false-negative rate. Among the 33 patients with a false-negative intraoperative FS result, 76% had ITCs or micrometastases. This is consistent with previous studies demonstrating that low-volume disease is more likely to be missed on FS. 11 Reported rates of NSLN positivity in patients found to have SLN metastases after NAC range from approximately 50-70%, substantially higher than those reported in patients with positive SLNs randomized to ALND in ACOSOG Z0011 or AMAROS.
17,21-24 Jeruss et al.
examined 104 patients undergoing NAC and found a rate of NSLN positivity of 47 and 71%, respectively, for patients who were clinically node negative versus node positive at presentation. 23 Similarly, in an analysis of 396 patients undergoing NAC followed by SLNB, Galimberti et al. found that among patients who were clinically node positive at presentation, 71.5% of those with a positive SLN had additional NSLN metastasis. 22 Although these studies illustrate that rates of NSLN positivity are high after NAC, neither study examined the correlation between SLN metastasis size and probability of NSLN involvement. We found that patients with ITCs and micrometastases in the SLN had rates of 17 and 64% NSLN positivity, respectively, substantially higher than the 12% with ITCs and 20% with micrometastases reported in the primary surgical setting. 4, 6, 9 While ITCs appear to have a lower probability of being associated with positive NSLNs, our small numbers limit conclusions regarding their relationship to residual axillary disease. In contrast, patients with micrometastasis in the SLN had a tumor burden very similar to patients with macrometastasis, with 64 and 62%, respectively, having one or more positive NSLNs.
All patients in this study not enrolled in a clinical trial who had a metastases identified on FS had an immediate completion ALND, while only half of those with a falsenegative FS result were returned to the operating room for completion ALND. These findings mirror the nationwide trend of omitting ALND for positive SLNs after NAC. In a National Cancer Database study of 12,063 patients treated between 2006 and 2013, Kantor et al. demonstrated that following the reporting of the results of the ACOSOG Z11 trial in 2010, 26% of patients with positive sentinel nodes after NAC did not receive a completion ALND. 25 Although the ACOSOG Z11 trial demonstrated no difference in Patients enrolled in the Alliance A11202 trial and randomized to the no-ALND arm recurrence or survival in patients undergoing breast conservation who had two or fewer positive sentinel nodes and were randomized to ALND or no further surgery, 17,26 the study did not include patients who had NAC. Similarly, in patients undergoing primary surgery, the IBCSG 23-01 trial showed that omission of ALND with low-volume SLN disease does not decrease survival or increase local recurrence, 16 and the AMAROS trial demonstrated equivalence of nodal irradiation to ALND for positive sentinel nodes in clinically node-negative breast cancer. 21 Our study suggests that the tumor burden associated with a positive sentinel node after NAC is substantially higher than was present in these studies. Until outcome data demonstrate that elimination of ALND is safe, it should remain the standard of care, even when only micrometastatic disease is present. We also found that the failure to identify nodal metastases on FS is not necessarily indicative of a low residual tumor burden and should not be used as a rationale for avoiding ALND.
The strengths of this study include a large population of patients treated in a relatively recent time period and a high rate of completion ALND. A limitation of this study is that intraoperative assessment methods differ among institutions, and the low false-negative rate seen here may not be applicable in institutions where IHC is routinely performed, as this could potentially influence the rates of residual disease in NSLNs. Additionally, the number of patients with ITCs in this study was low and limits conclusions regarding residual axillary disease in this group.
CONCLUSIONS
Low-volume disease in the SLN after NAC detected on either intraoperative FS or permanent section is not an indicator of a low risk of additional positive axillary nodes. As the implications of leaving chemotherapy-resistant tumor cells in the axilla are unclear, detection of these cells in the SLN remains an indication for ALND. 
